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I\. 38-kD cell-surface glycoprotein (MH 99, KS 1/4) appears 
strongly elevated in epithelial malignancies, although it also 
occurs in a few immature, germ-cell phenotypic tissues in 
human epidermis. In this study, the expression and synthesis 
characteristics of the MH 99 antigen were examined in sev-
eral transformed epithelial cell lines. 
Marked increase ofMH 99 (by 100-200%) was found in 
highly proliferati~e. ce.ll populations, as d.emonstrated by 
radioimmunopreciFitatlOn, fluorescence-activated cell sorter 
analysis, and proliferation experiments in cultures of sponta-
lleously immortalized keratinocytes (HaCaT) squamous cell 
carcinoma lines (SCL 1 and SCL 2), and SV-40 tran.sformed 
keratinocytes (130,425, and HaSV). The relation of the MH 
99 antigen to cell proliferation was underscored by a 70-
750/0 decrease of synthesis in nonproliferating HaCaT cells 
treated with mitomycin C. Blocking of two distinct epitopes 
C ellular proteins overexpressed in malignant cells may provide interesting insights into the initiation and maintenance of transformation [1,2] . However, it appears unlikely that these molecules are associated exclusively with malignant transformatiot:l, because 
several of these antigens are seemingly modulated by certain stages 
of growth and differentiation of normal cells [3,4]. 
One of the first carcinoma-associated antigens detected is a 38-ki-
lodalton (kD) cell-surface glycoprotein (MH 99, KS 1/4), seen in 
earlier studies as a specific marker for colorectal carcinomas [5]. 
Later on, several research groups independently developed mono-
clonal antibodies that all turned out to define the same antigen 
[6 - 11]. The MH 99 antigen is strongly increased after cell transfor-
mation irl vitro and after oncogenic events in vivo [12]. It may serve as 
a specific ta.rget ~or antibody-guided tu~or imagi~g [13] . Investiga-
tions on thiS subject revealed an exclUSive expressIOn on the basola-
teral membranes of polarized colon carcinoma cells grown in or-
ganotypic spheroids. The striking differences in the MH 99 
expression between normal and malignant tissues also gave rise to 
the suggestion that specific antibodies may be suitable v~hicles for 
immunotherapy of cancer [14]. 
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of the molecule with two different monoclonal antibodies 
(MH 99 and MM 104) decreased cell proliferation by ap-
proximately 25% (F = 519.6; df = 1,145; p < 0.0001), as 
compared to untreated cells and to cells treated with unre-
lated antibodies (BT 15 and] 143). Analysis ofMH 99 syn-
thesis in aging transformed keratinocytes cultured without 
passage revealed downregulation by approximately 50 - 60% 
after 60 d, indicating inverse correlation of the MH 99 anti-
gen with increasing cell age. 
It seems, therefore, that the MH 99 antigen is directly 
correlated with cell proliferation and inversely correlated 
with increasing age of transformed epithelial cells, possibly 
playing an active role in the process of cell proliferation. Key 
words: carcinoma/cell proliferation/glycoproteili/MH 99, KS 1/4. 
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Nevertheless, normal human tissues also may express the MH 99 
antigen [15]. In human skin, it seems to be a characteristic marker 
for germ cell phenotypic cells, because it is selectively expressed in 
primary epithelial germs of fetal skin and in epithelial germs arising 
in early-anagen hair follicles. The molecule is also strongly elevated 
in the great majority of basaJ cell carcinomas [12] . 
The encoding gene of the MH 99 antigen has recently been 
cloned [16-18]. Sequence homologies to nidogen, a matrix adhe-
sion molecule, and to placental protein 12, an insulin-like growth 
factor binding rrotein, suggest a receptor-like function for the MH 
99 antigen [17 . 
In the present investigation, we analyzed the characteristics of 
synthesis and expression of the MH 99 antigen in transformed epi-
thelial cells ill vitro. We first studied the possible correlation of its 
expres~ion and synthesis to cell proliferation with and without mi-
tomycm C, and by incubating growing cell populations with MH 
99-specific monoclonal antibodies. Because these experiments gave 
further support to the suggestion that the MH 99 antigen may act as 
a growth-modulating molecule, we investigated its presence in sev-
eral transformed keratinocyte populations in varying phases of cell 
aging. 
MATERIALS AND METHODS 
Cells, Culture Conditions, and Monoclonal Antibodies Normal 
human keratinocytes were obtained from surgical specimens of normal skin 
and ill vitro cultures were established as previously described [19]. Trans-
formed human keratinocytes were maintained in RPMI 1640 supplemented 
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with 10% fetal bovine serum (FBS), 2 mM L-glutamine, 100 U/ml penicil-
lin/streptomycin, and 1 % nonessential amino acids (all from Biochrom, 
Berlin, Germany). All cells were cultured at 37"C and at 5% CO2 , 
HaCaT, a spontaneously immortalized human keratinocyte cell line (19), 
as well as SCL 1 and SCL 2, two human squamous cell carcinoma lines [20], 
were provided by N. E. Fusenig (German Cancer Research Center, Heidel-
berg). The cell lines HaSV, 425, and 130 are SV-40-transformed human 
keratinocytes; the latter two were gifts from M. L. Steinberg (Department of 
Pathology, New York University Medical Center). 
Mouse monoclonal antibodies (MoAbs) MH 99 [8] and MM 104 (12) were 
used for detection of the MH 99 antigen. Antibody purification was per-
formed by precipitation of the hybridoma culture supernatant with 0.5 M 
ammoniumsulfate and affinity chromatography using a protein-A sepharose 
column (Pharmacia). Two unrelated cell -surface glycoproteins (gp 80 and 
integrin VLA-3) served as control antigens and were defined by MoAbs BT 
15 [15] and) 143 [21], respectively. 
Fluorescence-Activated Cell Sorter (FACS) Analysis Cells were de-
tached from plastic using 0.1 % trypsin/0.02% ethylenediamine tetraacetic 
acid (EDT A) in phosphate-buffered saline (PBS) (Biochrom), because it was 
shown that trypsin treatment does not affect MH 99 reactivity [12]. Incuba-
tion of the cells with saturating amounts of specific MoAb and with fluore-
scinisothiocyanate (FITC)-conjugated F(abh fragments of goat anti-mouse 
IgG (Dako, Hamburg, Germany) was performed as described [3]. Control 
samples were incubated with mouse serum. Cells were then analyzed in a 
FACS (Becton Dickinson, Heidelberg, Germany) [3) . 
For expression studies in cultures with different proliferative activities, 
the cell lines 425 and HaCaT were seeded with different densities (5 X 
10l - 105 cells/cm2) and cultured for 24 or 48 h prior to FACS analysis. 
Hereby, FACS analysis was paralleled by proliferation assays. In other ex-
periments, MH 99 expression was analyzed in the cell lines 425, SCL I, and 
HaCaT according to different ages (3,8,25, or 60 d) of the cultures. 
Radioimmunoprecipitation and Sodium Dodecyl Sulfate-
Polyacrylamide Gel Electrophoresis (SDS-PAGE) Cultured cells 
were metabolically lab!!led with 100 IlCi/mllS[S)methionine (Amersham, 
Braunschweig, Germany) for 4 h and subsequently solubilized in 0.5% 
Nonidet P 40 (Sigma, Deisenhofen, Germany) supplemented with 2 mM 
phenylmethyl-sulfonyl-fluoride (Sigma) and 2llg/ml aprotinin (Sigma). 
Glycoproteins were precleared from "crude" celllysates by concanavalin A 
{Con A)-affinity chromatography (Pharmacia, Freiburg, Germany). Equal 
amounts of radioactivity of the Con-A-bound fraction (1.5 X 106 cpm) 
were incubated with 250 III hybridoma culture supernatant containing 
MoAb, or with 25111 normal mouse serum. Subsequently, the immune com-
plexes were precipitated with protein-A sepharose (CL-4B from Pharmacia) 
pre incubated with rabbit anti-mouse immunoglobulin (Dako, Hamburg, 
Germany). The precipitates were processed by SDS-PAGE in 9% gels and 
fluorograms were obtained as described [12). The amounts of precipitated 
protein were determined by quantitative density scanning of the fluoro-
graphs. 
MH 99 synthesis in cell cultures with different proliferative activities was 
compared in the cell lines 425 and HaCaT seeded with different densities 
(5 X 10l_105 cells/cm2). Metabolic labeling and immunoprecipitation 
were performed after 1 or 2 d of growth and were paralleled by proliferation 
experiments [22,23]. 
Protein synthesis in nonproliferating cells was analyzed using the cell 
lines 425 and HaCaT treated for 4 h with either 25 or 80 Ilg/4 ml mitomy-
cin C. After 10 h incubation with normal medium, radioimmunoprecipita-
tion (MoAbs MH 99 and BT 15) was carried out. 
MH 99 synthesis in cell cultures of different ages was compared in the cell 
lines HaCaT and 425 cultured for 3,5,8,25,43, and 60 d without passage. 
Thereafter, radioimmunoprecipitation was performed. 
Proliferation Experiments and Statistical Analysis Proliferation 
assays were performed in 96-well tissue-culture cluster plates (Becton Dick-
inson, Heidelberg, Germany) by seeding 1-40 X 10l cells/well. After 1 d, 
the medium was changed and the cel ls were incubated for 4 h either with 
normal culture medium or with medium supplemented with 10-50% hy-
bridoma culture supernatant containing mouse monoclonal antibodies MH 
99, MM 104, BT IS,) 143, or with normal mouse serum. Alternatively, the 
cel ls were incubated with purified MoAbs MH 99 and MM 104 at concen-
trations of 0.02,0.05, 0.1, and 0.5Ilg/well. Cell proliferation was evaluated 
24 h after treatment by cell counting using a modified Neubauer chamber 
and by a fluorometric microassay using 4-methylumbelliferyl-heptanoate 
(Sigma) as previously described [22,23). The fluorescence values co.rrelated 
well with cell counts performed independently. Proliferation experiments 
were repeated twice with good reproducibility. 
Proliferation rates of five groups of cell populations differentially treated 
with either MoAbs MH 99, MM 104, BT IS,) 143 or normal mouse serum 
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Figure 1. Cell-surface expression of the MH 99 antigen in HaCaT cells 
seeded with different densities. Cells were processed for analysis of cell-sur-
face immunofluorescence by flow cytometry. ClIrves: I, control with normal 
mouse serum; 2, MoAb MH 99, cells seeded with 5 X 10l/cm2; 3, MoAb 
MH 99, cells seeded with 104/cm2; 4, MoAb MH 99, cells seeded with 
5 X 104/cm2. 
were evaluated statistically using 30 fluorescence values in each group. One-
way analysis of variance with orthogonal a priori contrasts was performed as 
previously described [24]. 
RESULTS 
MM 99 Synthesis Correlates with Cell Proliferation In 
Vitro The MH 99 antigen is strongly increased in some epithelial 
tissues with supposed rapid proliferation. Our initial experiments 
were therefore designed to elucidate a possible relation between the 
proliferative activity of cultured keratinocytes and synthesis of the 
MM 99 antigen. 
In vitro experiments revealed a decreasing proliferation rate of 
HaCaT cultures according to increasing seeding densities of the 
cells (5 X 103 up to 105 cells/cm2). With a seeding density of 105 
cells/cm2, the proliferation rate was reduced to approximately 35-
40%, as compared to HaCaT cultures seeded with only 5 X 103 
cells/cm2 • Similar results were obtained with the cell lines SCL 1 
and 425, also showing decreasing proliferative activities with in-
creasing seeding densities. In parallel, FACS analysis as well as 
radioimmunoprecipitation showed clearly decreasing cell-surface 
expression and synthesis of the MH 99 antigen with increasing 
seeding densities in transformed keratinocyte lines (Figs 1, 2). In 
contrast, in cell cultures with low seeding density and high prolifer-
ative activity, the expression and synthesis of the MH 99 antigen 
was always markedly upregulated. In the cell lines 425, SCL-l, and 
HaCaT seeded with 5 X 103 cells/cm2 synthesis of MH 99 was 
more than twice as high, as compared to cultures seeded with 105 
cells/cm2; maximum synthesis of MH 99 was generally found in 
cell cultures with the highest proliferative activity (Fig 3). Normal 
keratinocytes did not synthesize significant amounts of the MH 99 
antigen in any case (data not shown). 
Inhibition of Cell Proliferation Decreases MH 99 Synthesis 
and Expression To confirm definitely the association of the in-
creased MH 99 synthesis with increased proliferation of keratino-
cyte cell lines ill vitro, the proliferation of these cultures was inhib-
ited by mitomycin C treatment. 
In nonproliferating HaCaT cells and also in the cell line 425 
treated with mitomycin C, radioimmunoprecipitation assays re-
vealed that synthesis of MH 99 was significantly downregulated 
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figure 2. Different synthesis levels of the MH 99 antigen in HaCaT -cells 
seeded with different densities (lanes 1 and 2, 5 X 103 cells/cm2; lalles 3 and 
4, 104 cells/cm2; lalles 5 and 6, 3 X 10' cells/cm2 ; lanes 7 and 8,105 cells/ 
cm 2 ). Con-A-bound fractions of 3S[S]-methionine-labeled cultures were 
used. Irnmunoprecipitates were obtained with MoAb MH 99 (lalles 2,4,6, 
and 8). Control with normal mouse serum (lalles 1,3,5, and 7). 
(Fig 4). Mitomycin-treated cells showed only 25 - 30% of the MH 
I 99 synthesis levels, as compared to untreated cells. In addition, an 
unrelated cell-surface glycoprotein of My 80,000 recognized by 
MoAb BT 15, a differentiation marker of human epidermis not 
occurring normally in HaCaT cells, appeared under mitomycin 
treatment, indicating that the decrease of the MH 99 antigen is not 
due to a general decrease of protein synthesis (Fig 4). 
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MIl 99-speci6c MoAbs Inhibit Proliferation of Cultured 
Trans£ormed Cells To address the question of whether the MH 
99 antigen plays an active role in the process of cell proliferation, 
growing cultures of I:IaC~T cells were incubated :vith MH 99-spe-
cibC monoclonal antibodies. In HaCaT cultures lI1cubated for 4 h 
with medium supplemented with MoAbs MH 99 and MM 104, 
respectively, cell proliferation was downregulated by approxi-
mately 25%, as compared to control cultures containing normal 
medium (Fig 5). The difference in cell proliferation between treated 
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Figure 3. Proliferation rate and MH 99 synthesis in HaCaT cells seeded 
/ with different densities. Cell proliferation was examined by MUH assay. For 
synthesis analysis, the cells were metabolically labeled with 35[S]-methio-
nine and immunoprecipitation with MoAb MH 99 was performed using 
equal amounts of radioactivity. Fluorograms were quantitatively evaluated 
by d ensitometric scanning (error bars, mean ±SD). 
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Figure 4. Reduction ofMH 99 synthesis by mitomycin C. A) Immunopre-
cipitation of the MH 99 antigen from untreated HaCaT cells (lalle 2) and 
from HaCaT cells treated with 80 flg mitomycin C (lalle 4) . B) An unrelated 
cell-surface glycoprotein of 80 kD recognized by MoAb BT 15 was also 
precipitated from untreated cells (la/Ie 2) and from mitomycin-treated cells 
(lalle 4) . Controls with normal mouse serum (lall es 1 and 3). 
and untreated cell populations was highly significant, as demon-
strated by one-way analysis of variance with orthogonal a priori 
contrasts (F = 519.6; df= 1,145; P < 0.0001). The effect of 
growth inhibition was only slightly increased when MoAbs MH 99 
and MM 104 were combined for treatment of cultured cells. Also, 
only a slight increase was observed when the incubation time with 
the MH 99-specific antibodies was prolonged to 6 h. When the 
experiment was performed using different concentrations of puri-
fied MoAb, the full effect of growth inhibition by approximately 
25% was achieved with 0.1 ,ug/well , whereas no significant im-
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Figure 5. Cell proliferation of HaC aT cells examined by MUH assay. Cells 
were incubated for 4 h with normal medium (coillmtl 1, SD = 44.1), MoAb J 
143 (columtl 2, SD = 39.4), MoAb BT 15 (COlllttltl 3, SD = 39.2), MoAb MH 
99 (columtl 4, SD = 17.0), or MoAb MM 104 (COlllttltl 5, SD = 23.1). After 
24 h in normal medium, the f1uorometric assay was performed. The values 
shown represent average rates of30 individual fluorescence values (error bars, 
mean ±SD). 
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Figure 6. MH 99 synthesis decreases with increasing age of the cultured 
cells. Con-A-bound fractions of metabolically labeled HaCaT cultures 
were obtained as described and immunoprecipitated with MoAb MH 99 
(lanes 2, 4, 6, 8, 10, and 12). Controls with normal mouse serum (Ia/lcs 1, 3, 5, 
7, 9, and 11). Cells were cultured for 3, 5, 8, 25, 43, and 60 d. 
provement was observed with 0.5 ltg/well (data not shown). No 
significant differences of growth inhibition were found between 
the antibodies MH 99 and MM 104 (F = 1.6; df = 1,145; P > 0.1), 
although they bind to different antigenic determinants of the MH 
99 antigen. In contrast, after incubation of proliferating HaCaT 
cultures with monoclonal antibodies] 143 and BT 15, which detect 
unrelated cell-surface glycoproteins, no significant effect on cell 
proliferation was observed (F = 1.1; df= 1,145; p> 0.1; Fig 5). 
MH 99 Synthesis is Decreased in Aging Cells in Culture 
Radioimmunoprecipitation using HaCaT cells cultured from 3 to 
60 d without passage revealed a clear decrease of MH 99 synthesis 
with increasing age of the cultures (Fig 6) . In 60-day - old cultures, 
synthesis of the MH 99 antigen was decreased to an average rate of 
40-50%, as compared to the rate in young populations. Although 
the cell lines SCL 2 and 425 could be cultured for only 28 d without 
passage, similar results were obtained with these cell lines. 
FACS analysis revealed a fluorescence intensity of approximately 
55% in 60-day-old cultures as compared to 3-day-old cultures, 
confirming the results obtained by immunoprecipitation. 
DISCUSSION 
Six transformed epidermal cell lines growing in vitro were investi-
gated in this study and clearly revealed strong induction of a cell-
surface glycoprotein of My 38,000 (MH 99/KS 1/4), whereas nor-
mal cultured keratinocytes did not express or synthesize this 
molecule. These observations confirmed previous results in which a 
dramatic increase of the MH 99 antigen was reported after both 
transformation of epithelial cells in vitro and oncogenic events in 
lIillo [5,7]. However, although the transformation of epithelial cells 
appears to be a necessary prerequisite for the induction of the MH 99 
antigen, our results indicate that, at least in vitro, some additional 
factors may influence its occurrence. 
First, a significant influence of cell proliferation on MH 99 syn-
thesis and expression was demonstrated. Both parameters were gen-
erally increased in cells with higher proliferative activity. In addi-
tion, after treatment of the cultured cells with mitomycin C, a 
marked decrease (by approximately 70-75%) of MH 99 synthesis 
was found. Because an unrelated membrane glycoprotein (gp 80 
defined by MoAb BT 15) appeared in HaCaT cells, which normally 
do not synthesize this molecule, and equal amounts of radioactivity 
were loaded for immunoprecipitation, the decrease of the MH 99 
antigen was not due to a general decrease of protein synthesis in 
mitomycin-treated cells. These results clearly support the assump-
tion that the proliferation rate of transformed cells is in fact an 
important factor influencing MH 99 synthesis. Thus, the MH 99 
antigen appears to be a membrane glycoprotein closely associated 
with cell proliferation. 
To address the question of whether the MH 99 antigen plays an 
active role in this process, growing cell populations were incubated 
with two different monoclonal antibodies (MH 99 and MM 104) 
recognizing the MH 99 antigen. Both antibodies were found to 
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reduce statistically significantly the proliferation of HaC aT cells, as 
compared to untreated cel ls and to cells treated with unrelated 
mouse monoclonal antibodies; the rate of reduction under both 
MoAbs MH 99 and MM 104 was approximately 25%. This finding 
was unexpected because these antibodies bind to two completely 
distinct epitopes of the MH 99 antigen [11], located on two differ-
ent domains of the molecule, which can be cleaved by a variety of 
proteolytic enzymes and form two specifically sized fragments of32 
and 6 kD. Thus, both major antigenic determinants of the MH 99 
antigen are seemingly important for their biologic function. It is 
interesting to note that treatment with a combination of MoAbs 
MH 99 and MM 104 did not significantly increase the effect on cell 
proliferation, indicating that the maximum possible growth inhibi-
tion can be achieved by blocking only one of the two epitopes. 
In recent studies certain sequence homologies of the MH 99 
antigen to nidogen, a matrix adhesion molecule, and to placental 
protein 12, an insulin-like growth-factor binding protein, were re-
ported [17], indicating a receptor-like function for the MH 99 anti-
gen. This suggestion is further supported by our recent findings that 
this molecule may be associated to a large protein on the cell surface 
[25]' possibly representing a novel cell-surface receptor complex. 
Thus, although a ligand has not yet been discovered, we suggest that 
the MH 99 antigen is a transformation-associated cell-surface re-
ceptor modulating and promoting cell proliferation. 
The findings presented here may explain to some extent the 
observations ofPervez et at [13], who used MoAb AUA 1 for detect-
ing the MH 99 antigen. These authors demonstrated the MH 99 
antigen to be preferentially expressed on the basolateral cell layer of 
colon carcinoma spheroids growing in organotypical culture. These 
domains of malignant epithelial tumors represent the proliferative 
front invading surrounding tissues. Thus, the preferential expres-
sion of the MH 99 antigen in these domains may be due to a func-
tional role of this molecule in proliferating cell populations of epi-
thelial malignancies. 
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